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Abstract 
Fugitive emissions are one of the pollution that can affect environment, health and also economy.  It is a 
deemed to be an important part of the debate on climate change because they represent a significant 
portion of greenhouse gas emission. It is estimated that 60-70% of the fugitive emission comes from 
valve.  This paper presented a study which focusing on fugitive emission by valve, which will be solved 
using GAMS to optimize the selection of valve and achieve the objective. The fugitive emission is 
minimized by replacing the current valve with new valve based on its emission rate. Type of valve that 
has been considered in this study is ball valve, gate valve, butterfly valve, globe valve and plug 
valve.Based from the results, it can be said that plug valve, gate valve and butterfly valve is most 
preferable compare to other type of valve for fugitive emission reduction. Different types of valves give 
different price, so, the selection of valve are depending on the budget of the project. The fugitive emission 
can be reducing in easy way at the design stage by using GAMS application to optimize it. 
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1. Introduction 
The industries all around the world contribute to most of the pollution. Fugitive emissions are one of 
the pollution that can affect environment, health and also economy.  It is a deemed to be an important part 
of the debate on climate change because they represent a significant portion of greenhouse gas emission. 
These greenhouse gases include carbon dioxide (CO2), methane (CH4), Nitrous oxide (NO2), ozone (O3), 
and water vapour [1]. Besides the greenhouse gases, other portion of emission are combustion products, 
along with volatile organic compounds (VOCs) and steam. Most of this emission basically comes from 
the industrial process [2]. 
Fugitive emission is often defined as the chemical or mixture of chemicals in any physical form which 
emitted from various sources in industrial sites [3]. Different with stack emission that easily be calculated 
and controlled, fugitive emission, it is a little bit tricky. The emission is not well characterized and hard to 
calculate.  
Because of severe consequences occurred regarding the fugitive emission, increasingly stringent 
regulations are required to reduce it, so better control of leak tightness is required. There are several factor 
affecting the amount of fugitive emission which it depend on the equipment design, age and quality of the 
equipment, installation standard, process temperature and pressure etc [3]. According to the article written 
by Dr. David Harrison, during early 1990s it is estimated that 60-70% of the fugitive emission comes 
from valve [4] and it can be said that after many research conducted regarding this issue, it is reduced to 
50-60% during 2000s [3]. In addition, the fugitive emission also can be losses from the unseal sources 
including storage liquid and gas tanks, open ended lines, pressure relief valve, vents, flares, blow down 
system, spills and evaporation from water treatment facilities. Other equipment such as agitators/mixers, 
compressors, flanges, pumps and valve also can be caused of the leakage [3]. Figure 1 below shows the 
fugitive emission according to source type. 
 
 
Fig. 1: Fugitive emission according to source type 
 
It can be seen that valve contribute to the highest fugitive emission compare to other equipment while 
automotive industries release highest emission followed by solvent using industries, oil and gas industries 
and others.   
In order to reduce the fugitive emission, there is another way which by using general algebra 
modelling system (GAMS) that can minimize the fugitive. GAMS is a high-level modelling system for 
mathematical programming and optimization. This paper presented a study which focusing on fugitive 
emission by valve,that will be solved using GAMS to optimize the selection of valve and achieve the 
objective. The fugitive emission is minimized by replacing the current valve with new valve based on its 
emission rate. Type of valve that has been considered in this study is ball valve, gate valve, butterfly 
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2.1 Data Input 
Data input is taken from various books and journals. As for the case study, the piping and 
instrument diagram (PID) used for this study is from major oil and gas industry in Malaysia. The P&ID 
use is shown below: 
 
Fig 3: P&ID use for calculating fugitive emission 
 
The data input for this study is shown below: 
Table 2: Mole Composition of Selected Stream 
Stream 
Mole Percent (%/%) Mass Percent (%/%) 
I1 O1 O2 I1 O1 O2 
CO2 0.01643 0.40058 0.00905 0.02545 0.70492 0.01398 
CO 0.00032 0.01570 0.00002 0.00031 0.01758 0.00002 
H2 0.00570 0.29128 0.00021 0.00040 0.02330 0.00001 
CH3OH 0.71856 0.04302 0.73156 0.80938 0.05506 0.82211 
H2O 0.25370 0.00465 0.25849 0.16074 0.00335 0.16340 
CH4 0.00528 0.24477 0.00067 0.00371 0.19579 0.00047 
Total 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
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Table 3: Total Valves use for Selected Stream 
Type of valve I1 O1 O2 
Gate 2 4 15 
Ball 0 1 0 
Total emission (mg/s) 0.06 0.120015 0.45 
 
2.2  Programming 
The model formulation was use to select the suitable valve need to reduce fugitive emission. A few 
assumptions have been made to simplify the model. The assumptions are: 
• Cost of valves are not included in formulation 
• Does not consider maintenance as solution 
• Available valve are ball, plug, butterfly, globe and gate 
• Does not consider emission due to flanges 
• All valve are compatible with the operating condition of each stream 
• Emission rate for each valve is constant 
 
The general model use for this study is: 
 
Objective function,  E = ∑EiVi     (1) 
Selection,   ∑Vi = Vno     (2) 
Constraints,   Enew = E0 (1 – Ereduce)    (3) 
Enew ≥ ∑EiVi     (4) 
 
Where E is the current emission, Enew is the new emission, Ereduce is the emission reduction, Ei is the 
emission rate of the valve i (Vi) , E0 is the total emission for the stream line and Vno is the number of 
valve type i exist at the current plant for the stream. Equation (3) shows the emission expected after the 
installation of new valve while equation (4) shows the total emission for the streamline after the 
installation. 
Stream O1 is used as an example. Total fugitive emission for stream O1 is 0.120015 mg/s. The 
optimizer will select percentage of reduction that should been followed from 10% to 90%. With number 
of valves and percentages reduction needed as input, the program will select suitable types of valve need 
to satisfy percentage reduction. 
3. Results and Discussion 
After run the GAMS solver, the results is shown in this section and it will discuss the effect of 
percentages reduction with selection of valve. Only three streams are considered for this case study. 
  
Table 4: Type of Valve Selection use for Stream I1 
Minimize I1 
Expected Emission 
(mg/s) Current Emission (mg/s)
Type of Valve 
ball butterfly gate globe plug 
0 0.060 0.060     1 1   
10% 0.054 0.039     1   1 
20% 0.048 0.039     1   1 
30% 0.042 0.039     1   1 
40% 0.036 0.031   1 1     
50% 0.030 0.018         2 
60% 0.024 0.018         2 
70% 0.018 0.018         2 
80% 0.012 0.010   1     1 
90% 0.006 0.002   2       
A-Jalil et al.\ / Energy Procedia 14 (2012) 1870 – 1876 1875 Author name / Energy Procedia 00 (2011) 000–000 6
From table 4, it shows that the type of valve selection use for stream I1. The valves selection is 
different for each percentage reduction of fugitive emission. Since the number of valve use for the stream 
is merely two valves, the selection of valve is almost the same for each reduction. The current process 
uses one gate valve and one globe valve.  To reduce the amount of fugitive emission, globe valve and gate 
valve is replaced whether by plug valve, or butterfly valve and maintained the usage of gate valve. It also 
can be seen that plug valve is more preferable to reduce the fugitive emission.  
 
Table 5: Type of Valve Selection use for Stream O1 
Minimize O1 
Expected
Emission (mg/s) Current Emission 
Type of Valve 
ball butterfly gate globe plug 
0 0.120015 0.120015 1   4     
10% 0.108014 0.108000     3   2 
20% 0.096012 0.092000   2 3     
30% 0.084011 0.079000   2 3     
40% 0.072009 0.071000   2 2   1 
50% 0.060008 0.058000   1 1   3 
60% 0.048006 0.045000         5 
70% 0.036005 0.034000   4 1     
80% 0.024003 0.021000   3     2 
90% 0.012002 0.012000 1 3     1 
 
From table 5, it shows that the type of valve selection use for stream O1. The valves selection is 
different for each percentage reduction of fugitive emission. Since the number of valve use for the stream 
is five valves, the selection of valve is varying for each reduction. Before reduction, it uses one ball valve 
and four gate valve.  To reduce amount of fugitive emission, ball valve and gate valve is replaced whether 
by plug valve, - or butterfly valve. 
 
Table 6: Type of Valve Selection use for Stream O2 
Minimize O2 
Expected
Emission (mg.s) Current Emission 
Type of Valve 
ball butterfly gate globe plug 
0 0.450 0.450     15     
10% 0.405 0.400   1 12   1 
20% 0.360 0.358   1 11   3 
30% 0.315 0.313   4 10   1 
40% 0.270 0.270 1 3 8   3 
50% 0.225 0.224 1 6 7   1 
60% 0.180 0.180 4 3 5   3 
70% 0.135 0.134 4 6 4   1 
80% 0.090 0.086   6     9 
90% 0.045 0.044 2 9     4 
 
From table 6, it shows that the type of valve selection use for stream O1. The valves selection is 
different for each percentage reduction of fugitive emission. Since the number of valve use for the stream 
is five valves, the selection of valve is varying for each reduction. Before reduction, it uses 15 gate valves.  
To reduce amount of fugitive emission, gate valve is replaced whether by plug valve, ball valve, or 
butterfly valve. 
Generally, the selection of the valve can be used to reduce the amount of fugitive emission. Based 
from the results, it can be said that plug valve, gate valve and butterfly valve is most preferable compare 
to other type of valve for fugitive emission reduction. The study from American Petroleum Institute (API) 
indicated globe, plug and ball valve had lower emission. Recent information, although not extensive, 
indicates plug, ball, and butterfly valve have lower emission rates than gate valves [6]. This result proved 
that plug, ball and butterfly valve can give lower emission rates for the plant.  
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However, there are several limitations of this study that should be taking into consideration. The cost 
of each valve should be introduced to the model because different valve, different operating condition and 
different fitting of the valve give different cost. 
4. Conclusion 
From this study, it shows that substitution of valve can reduce the amount of fugitive emission up to 
90%.The Selection of the optimized value depends on percentage of reduction that the optimizer wants. 
Plug, butterfly and ball valve is the most preferable valve to reduce the fugitive emission. Different types 
of valves give different price, so, the selection of valve are depending on the budget of the project. The 
fugitive emission can be reducing in easy way at the design stage by using GAMS application to optimize 
it. 
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